INTRODUCTION
Greenland ice cores (e.g., Dansgaard et al., 1993 and Grootes et al., 1993) and North Atlantic sediment cores (e.g., Heinrich, 1988 and Lotti, 1995) distinguish the late Quaternary as a period of abrupt, large amplitude oceanic and atmospheric reorganizations, the Dansgaard-Oeschger and Heinrich events. These events seem to have strongly impacted South and Central American paleoclimate. In the northern neotropics, for example at Lake Peten-Itzá (Hodell et al., 2008) and on the Venezuelan continental margin (Peterson et al., 2006) , North Atlantic cold events (we will call them "NACE" events and refer to them as occurring at a variety of timescales), such as
Heinrich events, were associated with dry conditions. South of the equator, NACE events were associated with increased precipitation and runoff in the Andes (e.g., Baker et al., 2001a and b, Fritz et al., 2010 , Kanner et al., 2012 and Cheng et al., 2013 , the Amazon (Wang et al., 2014) , and the Brazilian Nordeste (e.g., Arz et al., 1998 , Wang et al., 2004 and Cruz et al., 2009 ). Many climate simulations associate NACE events with decreased Atlantic meridional overturning circulation (AMOC) (e.g., Vellinga and Wood, 2002 , Zhang and Delworth, 2005 , Broccoli et al., 2006 , Liu et al., 2009 , and Zhang et al., 2011 ) and a southward shift of the ITCZ and its defining belts of wind and precipitation (e.g., Chiang et al., 2003 and Wu, 2004) . Zhang et al. (2011) , using both modern instrumental observations and coupled ocean-atmosphere climate simulations, concluded that North Brazil Current (NBC) transport is correlated with North Atlantic SST (i.e., the Atlantic multi-decadal oscillation, AMO) and AMOC transport on decadal timescales. On the basis of our sediment record and our model simulations, we suggest that a similar relation held on centennial and millennial timescales during glacial stages--decreased northward crossequatorial heat transport during NACE events was associated with decreased AMOC, increased western equatorial Atlantic SST, and increased precipitation on the adjacent continent. and a gravity core (GGC 81 from 00° 20.260' N, 44° 12.570' W, 3116 m water depth, 3.99 m total length) were also collected at the same site to ensure recovery of the uppermost sediment section.
STUDY AREA
Modern terrigenous sediment reaching this site is expected to originate by northward transport by the NBC from fluvial sources in the northern Nordeste region of Brazil, the most important of which today is the Parnaíba River. This river has a modern drainage basin area of about 344,000 km 2 (approximately 5% that of the Amazon River drainage basin) (Marques et al. 2004) . Average precipitation in this region is 1730 mm a -1
and evapotranspiration averages about 1500 mm a -1 (Marques et al. 2004 ). The annual average discharge rate of the Parnaíba River is 1272 m 3 s -1 , with peak flows in February and March and lowest flow in July and August (Marques et al. 2004) . Sedimentary sequences in the Parnaíba Basin range from early Devonian to Cretaceous (Bigarella et al. 1965) ; the sediment is deeply weathered and soils of the basin are mostly lateritic oxisols, comprised predominantly of quartz, kaolinite, and iron and aluminum oxides (Volkoff, 1983) .
Surface ocean circulation in the study region is dominated by the NBC. As the South Equatorial Current meets the South American continental margin at approximately 10-15° S it bifurcates forming the southward flowing Brazil Current and the northward flowing NBC (Schott et al. 1995 and Stramma et al. 1995) . The NBC transports warm saline water from the tropical South Atlantic to the northern hemisphere in a narrow, fast moving, western boundary current. The NBC extends to intermediate water depths (ca. 800 m) where it merges with northward advected Antarctic Intermediate Water (Talley et al., 2011) . NBC transport is highly variable, with maximum measured transport of approximately 36 Sv during the austral winter, minimum transport of approximately 13 Sv during the austral fall, and seasonal retroflection into the North Equatorial Countercurrent at 6-7°N from June to January (Johns et al., 1998) . Seasonal variability in NBC transport is correlated with north-south migration of the ITCZ, and associated changes in wind stress curl. Mesoscale variability in NBC transport is associated with large anti-cyclonic rings that form as the NBC moves northward along the coast (Richardson et al., 1994 and Talley et al., 2011) . Mean annual SST and sea surface salinity (SSS) at the study site are respectively 27.3°C and 35.7psu Locarnini et al., 2010) .
MATERIALS AND METHODS
Cores were continuously analyzed for magnetic susceptibility (MS) with a
Bartington sensor installed on a shipboard Geotek logger. Cores were refrigerated and shipped to Woods Hole Oceanographic Institute (WHOI) for storage and subsequent splitting, core description, sampling, and analysis. Sediment chemistry was analyzed at 2 mm intervals on the gravity and piston cores, using an ITRAX X-ray fluorescence (XRF) spectrometer in the Coastal Systems lab at WHOI. The following elements were determined: Si, P, S, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Zr, Ag, Cd, I, Cs, Ba, Ta, W, Re, Au, Hg, Tl, Pb, U. Elemental ratios only are reported to account for density changes down core and are unitless, as each element is measured in counts per second.
Mixed assemblages of planktonic foraminifers were sieved and picked from the 250-350 μm size range for radiocarbon dating. Eighteen radiocarbon dates were undertaken on these samples. Radiocarbon dates were also undertaken on total organic carbon from seven of the same intervals. Radiocarbon analysis was done at the National Ocean Sciences Accelerated Mass Spectrometer (NOSAMS) Facility, WHOI.
Radiocarbon ages were converted to calendar years using the 'Fairbanks0107' calibration (Fairbanks et al., 2005) . Foraminifer ages were corrected for marine reservoir effect assuming a constant 400-year reservoir age (Bard, 1998) . No local reservoir effects were considered as little reservoir correction data exist for this region. No reservoir age was added to organic matter dates as the glacial-age sedimentary organic carbon is thought to be primarily derived from a terrestrial source (Eglinton et al., 1997) .
Sediment was sampled at 1 cm intervals in the box core and at 10 cm intervals in the gravity and piston cores for foraminifer stable isotopic and minor elemental analyses. Sediment samples were wet sieved and the planktonic foraminifer species
Globigerinoides ruber (white) was picked from the 350-500 μm size range. (Nürnberg et al., 1996 , Ferguson et al., 2008 , Kisakurek et al., 2008 and Honisch et al., 2013 . Honisch et al. (2013) reported Mg/Ca-sensitivity of 3.3 ± 1.7%
per practical salinity unit (psu), considerably lower than found in some previous studies (e.g., Arbuszewski et al., 2010 Lea et al. (2000) using the temperature and δ 18 O relation derived for Orbulina universa (Bemis et al., 1998 ) of T=14.9-4.8(δ 18 Oc -δ 18 Osw), which was shown to be applicable to G.
ruber (Thunell et al., 1999) where T is in °C and δ 18 Oc is δ 18 O of the G. ruber shell. The δ 18 Osw is reported in per mil relative to the Vienna standard mean ocean water (VSMOW) by subtracting 0.27‰ from the calculated δ 18 Osw (Bemis et al., 1998) .
RESULTS
Radiocarbon ages were determined on the upper 10 m of piston core CDH86, and on gravity core GGC81 and box core BC82. Age tie points between the CDH86 stable oxygen isotopic record and the stacked benthic δ 18 O records of Lisiecki and Raymo (LR04) (2005) were used to constrain the age model from 43 to 110 Ka. The age model is based on linear interpolation between selected data points for the entire record, using 14 C dates from 0-43 Ka and LR04 age tie points for the remainder of the record (Fig. 2 ). The organic carbon ages (uncorrected for marine reservoir age) are 2,000 to 6,000 years older than the reservoir corrected foraminifer ages from the same interval (Fig. 2 ). Sedimentation rate decreased from an average value of 33 cm/kyr during the glacial to an average of 3 cm/kyr, typical of pelagic sedimentation rates, during the Holocene.
We use the Ti/Ca ratio as an indicator of the relative magnitude of the terrestrial contribution to the marine sediment record Jennerjahn et al., 2004) that should be closely tied to effective moisture (precipitation minus evapotranspiration) on the adjacent continent. This interpretation partly hinges upon the assumption that calcium fluxes remained reasonably constant throughout the record.
Calcium in this setting is largely derived from biogenic CaCO3 shell material (mostly pteropods, foraminifers, and calcareous nannoplankton). Three factors typically affect CaCO3 concentration in marine sediments: biological production, dissolution, and dilution by non-carbonate sediments. In the present case, neither changes of the rate of production nor the rate of dissolution seem to have significantly affected these sediments. Ruhlemann et al. (1996) found that paleoproductivity in the western equatorial Atlantic, proximal to the Nordeste, was low and constant throughout the time period represented by most of our record. Our scanning electron microscopic examination of several foraminifer tests indicates that diagenetic carbonate overgrowth is not significant throughout the core. The presence of aragonitic pteropods throughout the core suggests that dissolution in the water column or on the seafloor was minimal.
Finally, the observed changes of Ti/Ca ratio are so large and abrupt ( Fig. 3 ) that it seems most unreasonable that these could be brought about by either productivity or dissolution changes. Taken together, we conclude that changes in calcium concentrations are most likely due to dilution of biogenic CaCO3 by terrestrial detrital sediment, thus that Ti/Ca in this core is a trustworthy indicator of terrigenous sediment input and continental runoff.
Throughout the record Ti/Ca values remain low except when interrupted by 15
to 20 abrupt peaks that range from a few hundred to 5000 years duration (represented by ~10 to 150 cm thick sediment intervals in the core) (Fig. 3 ). These events occur throughout the entire glacial portion of our record, and most correspond with low (i.e.
cold) δ 18 O intervals in the Greenland ice cores (NGRIP, 2004 and Svensson et al., 2008) .
Ti/Ca peaks in our record are well correlated with well-dated (Obrochta et al., 2012 and Heinrich events H1 through H6 (Fig.3) , although H2 is represented by only a minor peak in our record (surprisingly so, as H2 is well recorded farther south .
Today, sediment and water discharged from the Parnaíba River and other rivers of the northern Nordeste are entrained in the North Brazil Current and advected northwestward along the inner continental shelf. During sea-level lowstands of the glacial period, however, these rivers, like the Amazon itself farther to the north, incised the continental shelf and debouched directly onto the upper continental slope.
Increased precipitation in the northern Nordeste, possibly as a result of higher SST offshore, would have increased the intensity of physical weathering on the landscape, the riverine discharge and suspended sediment load at the river mouths, and the suspended sediment flux at the study site. Thus, we interpret increase in precipitation in the northern Nordeste as the underlying cause of the observed Ti/Ca peaks. That the Ti/Ca peaks in our record correspond so well with the timing and relative magnitude of the Ti/Ca peaks from significantly farther south (03°40.09' S, 37°43.09' W, 767 m water depth, Arz et al., 1998) indicates that the spatial footprint of these centennial to millennial precipitation changes extended throughout the entire Nordeste region of Brazil (e.g., Cruz et al., 2009 ) and far beyond (e.g., Kanner et al., 2012 , Cheng et al., 2013 and Wang et al., 2014 . In our record, most Ti/Ca peaks correspond to peaks in Fe/K (Fig. 4) . However, the nature of both curves appears to evolve from MIS 5 into the full glacial conditions that followed. Numerous Ti/Ca peaks, both large and small, characterize the early part of the record from 112 to 60 Ka. It is not likely that these early Ti/Ca peaks were associated with true Heinrich events, but they do likely represent wet periods in the Nordeste region. Most of the Ti/Ca peaks of this period are accompanied by Fe/K peaks, but the Fe/K peaks in this period tend to be much longer lived. Perhaps this signifies generally wetter conditions and deeper weathering on the continent during most of MIS 5. After 60 Ka, the Ti/Ca peaks are "canonical" in the sense that they are abrupt and distinct; each Ti/Ca peak of this later period is paired with a distinct Fe/K peak; each Ti/Ca peak is also paired with a Heinrich event. For both proxies, the events of MIS 4 between 70 and 60 Ka, stand out as unusually long in duration and large in amplitude. has been oxidized to goethite and hematite and is largely associated with the clay fraction (Volkoff, 1983) . Titanium in lateritic soils is often found in heavy mineral oxides, most commonly rutile (Weaver, 1976) . Soil erosion during wet periods might be expected to physically entrain rutile and some low-MS, ferric oxides and oxy-hydroxides whereas a great amount of iron oxide would remain on the landscape in insoluble form.
Thus, in most cases in CDH 86, MS minima coincide with the Ti/Ca maxima (Fig. 6 ), enforcing the notion that these maxima represent periods of high effective moisture and deep weathering on land. Both ratios decrease with the onset of the Holocene and the transition from a hemi-pelagic to a pelagic depositional environment at the core site.
One of the most obvious characteristics of the Mg/Ca-derived SST (hereafter, SST) record is its large scatter during glacial times. This is not an analytical issue as our whole sample replicates (completely independent samples except that they were taken from the same sample interval) yield very similar values. Rather is seems most likely that ocean surface conditions (SST and SSS) offshore the present-day mouth of the Amazon (but 4° south of the glacial-age mouth at the shelf edge) were highly spatially variable on all time scales. Nevertheless, throughout MIS 3-5, SST maxima generally align with peaks in Ti/Ca (Fig. 7) . The mean SST during glacial time (20-55 Ka, n = 97) was 23.89 ± 0.79°C and during the late Holocene (0 to 5 Ka, n = 14) was 26.89 ± 0.33°C.
After a period of elevated SST nearly coincident with the Bolling-Allerod, SST fell during the YD to a near-LGM value of ~23°C at 12.3 Ka. SST again began to rise during the late deglacial period to reach near-modern values of ~27°C by 5 Ka.
Ice volume has a significant influence on both δ 18 Osw and salinity (e.g., Dwyer et al., 1995) . After accounting for the influence on isotopic composition of both temperature-dependent fractionation and ice volume (Bintanja et al., 2005) , the residual, ice volume-corrected δ 18 Oswivc serves as a proxy for local SSS. Despite the considerable scatter, in most, but not all, cases Ti/Ca peaks coincide with low values of δ 18 Oswivc signifying low SSS (Fig.8) . Only the major Ti/Ca event between 59-64 Ka lacks a corresponding δ 18 Oswivc minimum-even the small Younger Dryas Ti/Ca peak has a counterpart δ 18 Oswivc minimum despite the higher sea level, thus more distant river mouth, at that time.
DISCUSSION
The study site is supplied with terrigenous sediment believed to be derived from the northern Nordeste region of continental South America. Precipitation in the northern Nordeste during the instrumental period has long been related to, and is well correlated with, oceanographic conditions offshore (e.g., Hastenrath and Heller, 1977 , Hastenrath, 1991 , Ward and Folland, 1991 and Nobre and Shukla, 1996 . The majority of annual rainfall in the northern Nordeste occurs in March and April, when the ITCZ annually reaches its southernmost position. Meridional variability of the ITCZ is associated with changes in the tropical Atlantic SST gradient that steer cross-equatorial wind anomalies from the cooler to the warmer hemisphere (Nobre and Shukla, 1996) .
Periods of anomalous warmth in the northern tropical Atlantic often result in early withdrawal of the ITCZ northward bringing about drought conditions in the northern
Nordeste. Likewise, anomalously warm conditions in the southern tropical Atlantic tend to delay the northward migration of the ITCZ and generate wetter-than-normal conditions in the northern Nordeste. These precipitation anomalies can occur on a variety of timescales including intra-annual (e.g., Marengo et al., 2008 and Lewis, et al., 2010) , decadal (e.g., Hastenrath and Heller, 1977 and Shukla, 1996) , and, perhaps, centennial/millennial (e.g., Cruz et al., 2009 and this paper). Thus, we posit that the centennial-millennial detrital-rich intervals represented by the Ti/Ca peaks were produced by centennial-millennial increases of regional rainfall that coincided with a cooler northern tropical Atlantic, warmer southern tropical Atlantic, and an anomalously southward-displaced mean position of the ITCZ.
The SST record exhibits both local and global oceanographic forcing throughout the past 110 kyr. SSTs begin to rise from glacial to modern values ca. 12 Ka and only reached modern SSTs ca 5 Ka, much later than northern hemisphere warming indicated by Greenland ice sheets (Dansgaard et al., 1993 and Grootes et al., 1993) , where the largest deglacial warming occurs at the onset of the Bolling-Allerød at ~14.7 Ka. In their study site at 4°S, several hundred kilometers south of this study site, Weldeab et al. (2006) found the largest glacial-to-interglacial transition at the onset of Heinrich 1. The initial warming during Heinrich 1 in the Weldeab record was followed by a slow steady increase to modern SST at 10 Ka, much earlier than the warming seen in our record. This transition of SST from LGM to Holocene likewise differs considerably from the early and steady rise observed in the South Atlantic (Sachs et al., 2001 ). Arz et al. (1998 and . In contrast with all three of these studies, Jaeschke et al. (2007) , using alkenone-derived SSTs from sediments dating back to 63 Ka, concluded that the Ti/Ca peaks coincided with lower SSTs. However, Jaeschke et al.
(2007) utilized a foraminifer 14 C age model, while using the alkenone unsaturation index as a temperature proxy. Previous studies have shown that in regions of strong surface currents, such as the NBC, alkenone temperature reconstructions may be temporally offset from the nominal age of sedimentation given by planktonic foraminifers as a result of fine particle advection (e.g., Benthien and Müller, 2000 and Conte et al. 2006 ). Jaeschke et al. (2007) address the discrepancy between Mg/Ca-derived SST from Weldeab et al. (2006) and their own alkenone-derived SST in the case of the H1 event and suggest that postdepositional resuspension and transport of the alkenones could be a cause, but they did not address the potential for the same discrepancy for the entirety of their record.
In summary, published SST and SSS reconstructions of the western equatorial Atlantic are less than definitive about the direction and magnitude of change associated with NACE events and suggest that there is strong spatial heterogeneity in this oceanographically complex region. Most climate models simulating slowing of AMOC transport (whether addressing global warming or past NACE events) produce a distinctive North Atlantic-South Atlantic SST anomaly dipole with much less change of the SST in the equatorial Atlantic region (e.g., Vellinga and Wood, 2002 , Zhang and Delworth, 2005 , Liu et al., 2009 , Zhang et al., 2011 , Menary et al., 2012 and Schmidt et al., 2012 ).
In the past decade, speleothem-derived precipitation records have significantly increased our knowledge of the spatial and temporal variation of late Quaternary South American paleoclimate. Most relevant to our study are high-resolution studies of speleothems from the Nordeste region. Here, Cruz et al. (2009) found negative oxygen isotopic anomalies indicating wet conditions during H1 and H2 events. They did not, however, find any significant isotopic departures during the YD. In both records of Arz et al. (1998) and our own (Fig. 3) , the YD is only marked by a minor peak in Ti/Ca suggesting that little terrestrial detritus was delivered to these slope sites during the YD, but this is likely a result of near-shore sediment accumulation during higher sea levels.
We observed marked increases in the Fe/K ratio that are consistent with wet conditions in the southern tropics during the YD.
In many coupled, ocean-atmosphere climate simulations (e.g., Zhang and Delworth, 2005 , Broccoli et al., 2006 , Stouffer et al. 2006 , Timmermann et al. 2007 and Liu et al., 2009 ) and limited observational data (e.g., Zhang et al., 2011) , NBC transport has been related to the magnitude of AMOC transport, SST variability of the North Atlantic, migration of the ITCZ, and climate of the adjacent continents. In observational studies, some mentioned previously, it has been well established that North Atlantic climate has a large impact on South American climate and paleoclimate on a variety of timescales.
The SYNTRACE study (for details, see Liu et al., 2009) prescribed freshwater forcing pulses during the deglaciation. In this simulation, variations in NBC northward transport (defined in Fig. 9 ) are tightly coupled to variations in basin-wide North Atlantic SST and variations in AMOC transport (Fig.10 ).
This finding aligns with the results from ocean modeling (Fratantoni et al., 2000) that demand a continuity response of NBC through-flow to satisfy AMOC variation.
Because the ITCZ migrates meridionally toward the hemisphere with higher SST, precipitation anomalies in the ITCZ-controlled Nordeste (Fig. 11 ) are expected to be positive (negative) during North Atlantic cold (warm) periods. This behavior is exactly the response observed in the SYNTRACE simulation (Fig. 12) .
In some modeling experiments, when AMOC is weakened below a threshold, the NBC weakens or even reverses (e.g., Chang et al., 2006 and Wen et al., 2009 .
This raises the question whether such a reversal could result in transport of sediment with Amazon provenance southeastward (instead of northwestward) along the Nordeste margin. This might be expected during NACE events if those events were accompanied by AMOC shutdown (e.g., McManus et al., 2004) . We have made some effort to test this possibility for the detrital-rich intervals in CDH 86, but thus far no provenance indicators that we have measured (elemental chemistry, strontium isotopic ratios, and mineralogy of glacial sediments from both the Amazon Fan and this site) disprove a Nordeste source.
CONCLUSIONS
The late Quaternary paleoclimate history of tropical South America is coming into ever finer focus with the publication of many new detailed continental and marine records.
One of the most robust features to emerge from many of these records is the important and, in some cases, dominant role of tropical Atlantic forcing of centennial-millennial climate variation of the adjacent continent, including the tropical Andes, the Amazon, as well as the Nordeste. The coincidence of major widespread changes in precipitationrelated proxies throughout the region with NACE events, particularly Heinrich events, makes it almost an inescapable conclusion that the latter were closely linked to the former and shared a common cause. This points to very large-scale and long-lived ocean-atmosphere reorganizations. We believe that the nature of this reorganization involved major changes in AMOC and cross-equatorial NBC heat transport. However, much remains unknown about the mechanism of change (e.g., Seager and Battisti, 2007) .
Similar reorganizations may apply to modern and future climate, albeit with lower amplitude and on shorter (intra-annual to multi-decadal) time-scales.
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Figure 1. SRTM image of northern South America with regional inset image (Google Earth) showing location of cores CDH-86 (this study) and GeoB 3912-1 relative to the present-day mouths of the Amazon and Parnaíba Rivers. During sea level lowstands of the Last Glacial, both rivers crossed the wide shelf and delivered sediment directly to the outer shelf and upper continental slope.
Figure 2. Left panel: Age model of core CDH86, foraminifera derived radiocarbon ages converted to calendar age in blue, LR04 age tie points in red. Right panel: Difference between the organic carbon and foraminifer ages, plotted against their radiocarbon age based on analysis of the foraminifers. Only midpoints of radiocarbon probability density functions are shown for simplicity. Figure 3 . Ti/Ca ratio from sediments of Core CDH 86 (black line) and weight percent detrital carbonate from North Atlantic core ODP Site 609 (gray line)(data from Obrochta et al., 2012) . The latter is considered to be an accurately dated record of Heinrich events. From 70 Ka to present, every Ti/Ca peak in CDH 86 has a correlative Heinrich event of the same age within dating uncertainties of both records. H2, ca. 25 Ka, is not represented by a Ti/Ca peak in CDH 86, although it is clearly present farther south . The largest Ti/Ca peak in the entire CDH 86 record is ca. 110 Ka and has no northern counterpart. Figure 4 . Ti/Ca and Fe/K time series for CDH 86. Almost every Ti/Ca peak has a Fe/K counterpart. However, some Fe/K maxima have no Ti/Ca counterpart. Moreover, the Fe/K peaks tend to be somewhat longer duration, perhaps indicating that climate over the continent became wet and remained wet longer (or weathered soil products remained on the surface after climate had dried). Note the large Fe/K peak of Younger Dryas age despite only a small Ti/Ca peak-the latter is likely because the river mouth was much farther from the coring site during the higher sea levels of the deglacial and Holocene. Also note the changing character of both proxies between the earlier and later periods of the record. . . Ti/Ca and magnetic susceptibility (MS) time series for CDH 86. Every Ti/Ca maximum (low and high amplitude alike) since 70 Ka and almost every maximum prior to that, is accompanied by a MS minimum. We believe that these minima result from the precipitation of iron oxides in lateritic crusts that are left behind on the landscape during tropical weathering. Again, as for Fe/K, the character of MS peaks prior to 70 Ka differs from those after 70 Ka. Figure 7 . Ti/Ca and Mg/Ca -determined sea surface temperature (SST) time series. The latter record was smoothed with a three point moving average. In most cases Ti/Ca maxima are accompanied by maxima of SST, particularly after 70 Ka. Nevertheless, this is not a particularly compelling relationship and it seems possible that: the western equatorial Atlantic is not a "sweet spot" for recording the southern half of the posited Atlantic SST meridional dipole and this near coastal, equatorial site is subject to a great deal of local surface oceanographic variability. Figure 8 . Time series of Ti/Ca and δ 18 Oswivc, the global ice-volume-corrected oxygen isotopic composition of seawater (itself determined as the residual of the oxygen isotopic composition of foraminiferal shell carbonate and temperature fractionation determined from Mg/Ca -SST). δ 18 Oswivc, as a residual of two determination that are themselves rather noisy, was smoothed by a 5-point moving average. δ 18 Oswivc, is believed to be a proxy for local sea-surface salinity (SSS). In all save one case (ca. 60 Ka), Ti/Ca maxima are accompanied by minima of δ 18 Oswivc. Taken at face value, a typical δ 18 Oswivc minimum in the record of 0.5‰ could be produced by 1/8 dilution of seawater by river water with a δ 18 O of -4‰ yielding seawater with a salinity lowered from 36 to 32 psu (a salinity typical of the modern Amazon plume about 1000 km from the mouth of the river). 
